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This icLcmatioDal search report consists of a total of sheets. 

It is also accompanied by a copy of each prior art document cited in this report. 
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Claims Nos.: 

becaiise they relate to parts of die intemadonal applicauon that do na comply with the prescribed requiremcnis to such 
an extent chat no meaningful LOtemational search can be carried out . specifically: 



3. I I Claims Nos. : 

because they Eire dependent claims and are not drafted in accordajK^e with the second ami third scmcnces of Rule 6.4(a) . 
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This IxjEeroatjojial Searching Amhority f otuul m^tjple ;j:)yeQtions in this iniemational application, as foUows: 
Please See Extra Sheet. 



^ • fxl Ajf all rcqoixcd additional search fees v/crc timely paid by ihc applicant, diis iDtematiorjai search report covers all searchable 



claims 



2. I I As all searchable claims could be searched without etfon justifying an addidonal fee, dits Authority did not invite payment 
of any addidonal fee. 

3 • I j As otily some of the required additional search fees were timely paid by the applicant, this imcmationai search report covers- 
only thoiie ciaims for which fees were paid, specifically claims Nos.: 



I I No required additionfd search fees were limely paid by the applicant. Consequeotjy, this international search repon is 
restricted to chc invention first mcniioniid in the claims; it is covered by claims Nos.: 
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The technical features mentioned in the Abstract do not include a reference 
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NEW ABSTRACT 



This invention is a device (500) for sealing a hole in a blood vessel, 
comprising a ring (504); a plurality of spikes (506) extending from said ring 
towards a center of said ring, and to first direction along an axis of said ring, said 
spikes being adapted for engaging a blood vessel; a plurality of tabs (502) 
extending substantially radially from said ring, wherein rotating said tabs around 
said ring distorts said ring such that said spikes are rotated in a same direction as 
said tabs. 
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"E" Darlier doeumcnt published oa oz atloT lilc intcrnelionnj filin£ dais 

*L' docuinem which may throw dotjbca on priority abiiin(c} ot which is 

cited to establish the pubhcation date of another cilaliozj of other 
«pccj»J reeson (as spcnflcd) 

*0' docuiaetd. l i.rcxj in^ 

"P" docrUiUcnt puhlisbcd prior to the inlcmatiDnai filing dflte hut Inter thatn 
tha pfioriy <Iatfl claim, ttd 



ImlQi docxini ent publi*heii Sfter the intenvvnonft) Dling date ot pnority 
daw and not in conflict wiih the ttppljcntior bin cited to isiderscand 
±LC principle or theory underlyinK die invention 

document of panicular relevence; the cloimed invention carmoi ce 
considered novel or cannot be considered to involve on inventive siep 
wJicn die document is takcft alone 

document of parlicolor reieVtinci;', tKc cUiimrd invention cannot be 
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being obvious lo a. person skilled in tha zrt 
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(57) Abstract 

-niis invention is a device (500) for sealing a hole in a blood v^l. comprising a ring (504); a plurality of suilccs C506) extending 
from said ring to^v•a^Gs a ccnt=^r of said ring, and to fiist direction along an axis of said ring, said spikts being adapted for engaein- a blood 
vessel; a plurahO' of tabs (502) extending substantially radiaDy from said ring, wherein rotating said tabs around said rin" diStorts'said rina 
such that said spikes are rotated in a samft direction as said cabs. 
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of the international application is required to be furnished by the a pplicam to the designated Offtce(s), 

2. The following designated Ofnces have waived the requirement for such a communication at This time: 

AE,ALAM,AP,AT,AZ3A.BB/BG,BR,BY,CA,CH,CN,CR.CU,CZ,DE,DK.DM,EA,EE,EP.ES,FI;GB,GD, 

QE,GaGM,HR,HUJDJUNJSJP,KE,KG,KZ.LC^K,LR,LSAT,LU^V,MAMD,MG,MK,MN,^ 

NO,NZ,OA,PUPT,RO,RU,SD,SE,SG.,SI.SK,SUTJ.,TMTR,Tr,TZ,UAUGJUZ^^ . . ' ^ 

The corrimunication will ba made to those O.ffices only upon their request. Furthermore,those Offices do not require the 
applFcant to furnish a copy of th© international application (Rule 49;i{a-brs)), 

3. Enciosed with this Notice is a copy of the intemetional application as published by the International Bureau on 
28 September 2000 (28,09.00) under No. WO 00/56223 

REMINDER REGARDING CHAPTER II (Article 31(2){aj 

If the applicant wishes to postpone entry into the national phase until 30 months (or later in some Offjc9s:)'from the priority 
date, a demand for jntarnatiana I. prelirninaiV examination my s^^ .. 
Examining Authority before the -expiration of .19 months from tha priority date.- 

. it.is the applicant's sole respDrisibitity to^ 

. Note that o.nly an applicant who is a natibriai. or resident of a PCT' Contracting State which is. bound by Chapter II has tHia 
: Jig ht to -file . a demand for intemation . • . - , . . . I 

REMlNbER REGARDS NATIONAL F>HASE (Article 22 or 39(1)) 

Iftlie applies nt -wishes to probeWiWith the in.t^ application in the national phase, he iriustj within 20 -months..' \'~ - ; 

In somo:pfrices/ perfprnri the actsref^ 

■ '1 m fjo rta n't =i ri f oi-rri ati on ofi th'e t irri e ii m its a n d ' a cts to be p'erio rm e d fd r e nte ri'n g th e n a ti o na i P.h a s e;. see ih © . ' 
•orm. P.CTAB/30;1 .(NotijFiGa.tioi^'' of jiecef pt pf Record Copy) and y.o J ume ll of the PCT AppIica nt' s G ui de. ..• ' -v - 



;or 30. months, or later i 



, For further 
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Elearonic data base consulted during the international search (name of data base and. where practicable, search terms used) 
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DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 
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us 5,234,447 A (RASTER et al.) 10 August 1993, all figures. 
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I I Further documenis are listed in the continuation of Box C. | | See patent family annex. 
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"A^ document defining the general state of the art which is not considered 

to be of particular relevance 

*E* earher document published on or after the international tiling date 
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cited to establish the publication date of another citation or other 
special reason ^as specified ) 

"C document referring to an oral disclosure, use. exhibition or other 

means 

"P" document published prior to the mtemational filing date but later than 
tlie priority date claimed ^ 



later document published after the iniemattonal filing date or priority 
date and not in conflict with the application but cited to understand 
the prmctple or theory underlying the mvention 

document of particular relevance; the claimed invention carmot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an mvenuve sup when the document is 
combined with one or more other such documents, such combination 
bemg obvious to a person skilled in the art 

•ioctmient member of the same patent family 
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(57) Abstract 



Hiis invention is a device (500) for sealing a hole in a blood vessel, comprising a ring (504); a plurality of spikes (506) extending 
&om said ring towards a center of said ring, and to first direction along an axis of said ring, said spikes being adapted for engaging a blood 
.vessel; a plurality of tabs (502) extending substantially radially from said ring, wherein rotating said tabs around said ring distorts said ring 
such that said spikes are rotated in a same direction as said tabs. 
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VASCULAR CLOSURE DEVICE 

RELATED APPLICATIONS 

This application is a Continuation-in-part of PCT application PCT/IL99/000284, of 
PCT application PCT/IL99/00285 and of a PCT application titled "Vascular Surgery", attorney 
docket 088/01161, all of which designate the US, the disclosures of which are incorporated 
herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to vascular devices and especially to sealing vascular 
incisions. 

BACKGROUND OF THE INVENTION 

There are many medical procedures in which a tube is temporarily inserted into- or out 
of- a blood vessel. One particular example is the use of a heart-lung machine during heart 
surgery. A fn:st cannula is inserted into the aorta to return blood after it was oxygenated by the 
heart-lung machine. One or more second cannulas are inserted into the vena cava or the right 
atria. When the heart surgery is completed, the two cannulas are removed and the holes in the 
vena cava and aorta are closed using a "purse-string" suture, in which a single thread is 
stitched to surround the hole and then pulled tight (like a purse-string) to close the hole. 
Performing this suture requires skill and practice. In addition, it may be difficult to perform the 
suturing in a key-hole procedure or in other types of surgery where there is limited access to 
the wound site. Typically, the suture is attached as soon as the cannula is inserted into the 
body. 

Another type of temporary tube insertion occurs during a failed anastomosis procedure. 
If the joining of two blood vessels fails, the point at which an opening (if any) was fomied in 
one of the blood vessels, must be sutured shut, also possibly using a purse string. 

Vascular ports, for example for the introduction of a catheter into a femoral artery, are 
known. Once the procedure is completed, the port is usually removed and the hole formed by 
the port is either sutured or closed using manual pressure. These ports are generally apphed 
through the skin or a small incision and remain mostly outside the body. 

US patent 5,478,354, the disclosure of which is incorporated herein by reference, 
relates to a the field of closing non-linear surgical incisions, in fascia and/or skin, using a 
single fastener and describes various devices for closing such non-Unear surgical incisions. 

SUMMARY OF THE INVENTION 

An aspect of some preferred embodiments of the invention relates to a closure device 
for sealing a vascular incision. In some embodiments, the device may also function as an 

I 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 
A61B 17/56 



Al 



(11) InteraaUonal PubUcation Number: WO 99/62415 

(43) International Publication Date: 9 December 1999 (09.12.99) 



(21) IntemaUonal Application Number: PCr/IL99/00284 

(22) International Filing Date: 30 May 1999 (30.05,99) 



(30) Priority Data: 
124694 
129067 



29 May 1998 (29.05.98) IL 
19 March 1999(19.03.99) IL 



(71) AppUcant (for all designated States except US): BY-PASS. 

LTD. [UJIL]; Hasadnaot Street 3. 46728 Herzelia B (IL). 

(72) Inventors; and 

(75) Inventors/AppUcants (for US only): DEROWE, Ari 
[IL/IL]; Moshav Salit. 45885 Hasharon Hatichon (IL). 
LOSHAKOVE, Amir [IL/IL]; P.O. Box 204, 42860 Moshav 

^ Burgeta (IL). 

(74) Agents: FENSTER, Paul ct al.; Fenster & Company Patent 
Attorneys, Ltd., P.O. Box 10256, 49(X)2 Petach Tikva (IL), 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, ON, CU, CZ, DE. DK. EE, ES, H, GB, 
GD, GE, GH. GM, HR, HU, ID, IL, IN, IS, JP, KE, KG. 
KP. KR, KZ, LC. LK, LR, LS, LT, LU, LV, MD, MG, MK, 
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, 
SK, SL, TJ, TM, TR, TT, UA, UG, US, UZ. VN, YU, ZA, 
ZW, ARIPO patent (GH, GM, KE, LS, MW, SD, SL, SZ, 
UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, 
RU, TJ, TM), European patent (AT, BE, CH, CY, DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG, CI. CM, GA. GN, GW, ML. MR, 
NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Titie: METHODS AND DEVICES FOR VASCULAR SURGERY 




7mm 



7.53cm (<j> 2,4mm) 



(57) Abstract 



An anastomotic connector (60) for attaching two blocxi vessels, comprising a cylinder-like portion having a lumen, two ends, and an 
array of cells elements, and a tissue engaging portion (60) comprising at least one set of spikes (64) wherein at least one spike arranged 
adjacent one of the two ends of said cylinder-like portion. The connector (60) may comprise at least a second set of spikes (66) adjacent 
the other of the two ends. 
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METHODS AND DEVICES FOR VASCULAR SURGERY 
FIELD OF THE INVENTION 

The present invention relates to performing an anastomosis and especially to an 
anastomosis relating to percutaneous bypass surgery. 

5 BACKGROUND OF THE INVENTION 

Connecting two blood vessels, anastomosis, is an important surgical technique for 
reconstructive, therapeutic and cosmetic surgery. The gold standard of anastomosis is manual 
suturing of the two blood vessels in a side-to-side, end-to-end or end-to-side configuration. 
Although it is generally desirable to shorten the length of any surgical procedure, this is 

10 especially important in coronary bypass surgery, for example minimally invasive procedures 
in which the heart continues beating and open surgical procedures in which a patient is often 
attached to a heart-lung machine and his heart is stopped. 

In addition to manual suturing of blood vessels, other methods of attaching two blood 
vessels are known, including method using staples and anastomosis rings. PCT publications 

15 WO 97/40754 and WO 97/28749, the disclosures of which are incorporated herein by 
reference, describe various staplers for coronary bypass surgery, wherein a graft is connected 
on one of its ends to the aorta and at its other end to an occluded coronary artery, distal to the 
occlusion. In this type of surgery, the anastomosis is sealed by stapling the graft to the aorta, 
while pressing both aorta and graft against an anvil. In one publication, the anvil is inserted 

20 into the aorta for the stapling and then removed, possibly by taking the anvil apart. In the other 
publication, the end of the graft is everted over a ring-shaped anvil, so that the anvil is outside 
of the blood vessel at all times. 

Recently, bypass surgery has been performed using minimally invasive (e.g., key-hole 
and mini-thoractomy) surgery. In this type of surgery, a small hole is made in the chest, 

25 instead of cracking open the ribs, and the mammary arteries are used for bypass grafts. The 
suturing and/or stapling is performed using tools, for example such as those described above. 

An even less invasive type of surgery requires no opening of the chest at all. Rather, 
one or more catheters are introduced into the blood vessels using a percutaneous approach. 
PCT publications WO 97/27898, WO 97/13471 and WO 97/13463 and their priority 

30 documents, namely U.S. applications, 60/010,614, 60/005,164, 08/730,327 and 08/730,496, 
the disclosures of which are incorporated herein by reference and termed the "Transvascular 
Applications", describe methods and apparatus for percutaneous treatment of arterial 
occlusions. Two main methods are taught in these applications. In one method, a tunnel is 
excavated within tissue (outside the vessel) from one side of the occlusion to the other side of 

1 
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(54)^6: VASCULAR PORT DEVICE 

(57) Abstract 

This invention is a device (210) for sealing a hole 
(100) in a blood vessel (102). comprising a blood vessel 
engager (217) having at least one spike (214), for engaging 



a portion of a blood vessel (102) adjacent a hole in the 
blood vessel, and a body (216) coupled to the blood 
vessel engager (217). The device (210) has at least two 
configurations, a first configuration in which the device 
does not seal the hole, and a second configuration to which 
thedevice can be changed so that the second configuration 
of the device seals the hole. 
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VASCULAR PORT DEVICE 
FIELD OF THE INVENTION 

The present invention relates to vascular devices and especially to sealing vascular 
devices. 

5 BACKGROUND OF THE INVENTION 

There are many medical procedures in v^hich a tube is temporarily insened into- or out 
of- a blood vessel. One particular example is the use of a heart-lung machine during heart 
surgery. A first cannula is inserted into the aorta to return blood after it vi^as oxygenated by the 
heart-lung machine. One or more second cannulas are inserted into the vena cava or the right 

10 atria. When the heart surgery is completed, the two cannulas are removed and the holes in the 
vena cava and aorta are closed using a "purse-string" suture, in which a single thread is 
stitched to surround the hole and then pulled tight (like a purse-string) to close the hole. 
Performing this suture requires skill and practice. In addition, it may be difficult to perform the 
suturing in a key-hole procedure or in other types of surgery where there is limited access to 

15 the wound site. Typically, the suture is attached as soon as the caimula is inserted into the 
body. 

Another type of temporary tube insertion occurs during a failed anastomosis procedure. 
If the joining of two blood vessels fails, the point at which an opening (if any) was formed in 
one of the blood vessels, must be sutured shut, also possibly using a purse string. 

20 Vascular ports, for example for the introduction of a catheter into a femoral artery, are 

known. Once the procedure is completed, the port is usually removed and the hole formed by 
the port is either sutured or closed using manual pressure. These ports are generally appUed 
through the skin or a small incision and remain mostly outside the body. 

SUMMARY OF THE INVENTION 

25 An aspect of some preferred embodiments of the invention relates to a self-sealing 

anastomotic device. In a preferred embodiment of the invention, if an anastomosis carmot or is 
not completed, the device seals any opening in the vessel to which the device is connected. In 
a preferred embodiment of the invention, the device seals the opening by forcing the lips of the 
opening against each other or against a part of the device. Alternatively, the device seals the 

30 opening by forcing portions of the device against each other. In some embodiments of the 
invention, the anastomosis device severs a portion of one of the vessels of the anastomosis, for 
example an "end" vessel in an end-io-side anastomosis. Alternatively or additionally, the 
device, when it seals the opening, engages a larger portion of the blood vessel to which it is 
attached, to form a seal. 
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(S4)TiUe: VASCULAR SURGERY 
(57) Abstract 

An anastomotic connector for connect- 
ing a graft to a target vessel, comprising a 
thin collar section (104) adapted to engage 
a portion of the graft; and a separate spike 
section (124) adapted to mount on said collar 
section, and comprising a plurality of spikes 
(126) each of said spikes (126) adapted to 
transfix said graft Preferably, the connector 
comprises at least one locking element for in- 
terlocking said spike section (124), and said 
collar section (104). Preferably the locking 
element provides a spring action between the 
two sections. 
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VASCULAR SURGERY 
RELATED APPLICATIONS 

This application is a Continuation-in-part of PCT application PCT/IL99/000284 and of 
PCT application PCT/IL99/00285, both of which designate the US, the disclosures of which 
5 are incorporated herein by reference. 

FIELD OF THE INVENTION 
The present invention relates to performing anastomosis of blood vessels. 

BACKGROUND OF THE INVENTION 
Connecting two blood vessels, anastomosis, is an important surgical technique for 
10 reconstructive, therapeutic and cosmetic surgery. The gold standard of anastomosis is manual 
suturing of the two blood vessels in a side to side, end to end or end-to-side configuration. 
Although it is generally desirable to shorten the length of any surgical procedure, this is 
especially important in coronary bypass surgery, in which a patient is usually attached to a 
heart-lung machine and his heart is often stopped. 
15 In addition to manual suturing of blood vessels, other methods of attaching two blood 

vessels are known, including, staples and anastomosis rings. PCT publications WO 97/40754 
and WO 97/28749, the disclosures of which are incorporated herein by reference, descnbe 
staplers for coronary bypass surgery, wherein a graft is connected on one of its ends to the 
aorta and at its other end to an occluded coronary artery, distal to the occlusion. In this type of 
20 surgery, the anastoinosis is sealed by stapling the graft to the aorta, while pressing both aorta 
and graft against an anvil. In one publication, the anvil is inserted into the aorta for the stapling 
and then removed, possibly by taking the anvil apart. In the other publication, the end of the 
graft is everted over a ring-shaped anvil, so that the anvil is outside of the blood vessel at all 
times. 

25 Recently, bypass surgery has been performed using minimally invasive (key-hole) 

surgery. In this type of surgery, a small hole is made in the chest, instead of cracking open the 
ribs, and the mammary arteries (e.g., LIMA, RIMA) are used for bypass grafts. The suturing 
and/or stapling is performed using tools, for example as described above. 

An even less invasive type of surgery requires no opening of the chest at all, rather, one 

30 or more catheters are introduced into the blood vessels using a precutaneous approach. PCT 
publications WO 97/27898, WO 97/13471 and WO 97/13463 and their priority documents, 
namely U.S. applications, 60/010,614, 60/005,164, 08/730,327 and 08/730,496, the disclosures 
of which are incorporated herein by reference and termed the "Transvascular AppUcations", 
describe method and qiparatus for precutaneous treatment of arterial occlusions. Two main 

1 



